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© A mobile unit communication system comprises: 
mobile units; a TDMA base station for transmitting 
and receiving a TDMA signal having a first frame 
to/from mobile units within a service area thereof in a 
TDMA/TDD manner; and a CDMA base station adja- 
cent to the TDMA base station, for transmitting and 
receiving a CDMA signal having a second frame 
to/from mobile units in a CDMA/TDD manner, at 
least one of these base stations having a frame 
synchronizing circuit for detecting a phase between 
the first and second frames and synchronizing the 
first and second frames according to the detected 
phase. Each mobile unit has a first circuit for com- 
municating with the TDMA base station in a TDMA 
mode; and a second circuit for communicating with 
the CDMA base station in a CDMA mode. First and 
second frames have the same length and are syn- 
chronized to eliminate the necessity of synchronizing 
operation when the mobile unit moves to the other 
service area. A unique word attached to a framed 
data is commonly defined between the TDMA and 
CDMA signals, so that a unique word detection cir- 
cuit can be used commonly. The TDMA and CDMA 
signals have the same frequency band, so that the 
antenna portion can be used commonly. The TDMA 
and CDMA signals have the same amount of data 



per channel in a frame, so that modulation and 
demodulation circuits can be used commonly. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a mobile unit commu- 
nication system for providing communication be- 
tween a base station and a plurality of mobile units 
within a service area. 

2. Description of the Prior Art 

A first prior art mobile unit communication sys- 
tem for providing communication between one of 
base stations and a plurality of mobile units within 
a service area of the base station through the Time 
Division Multiple Access/Time division Duplex 
(TDMA/TDD) method is known. In the Time Di- 
vision Multiple Access, a plurality of channels are, 
i.e., the multiple access is, provided by using a 
radio wave through time-division. Therefore, a plu- 
rality of mobile units in a service area of a base 
station can communicate with the base station sub- 
stantially at the same time. Time Division Duplex 
means that the reception of data and transmission 
of data are switched by time-division, i.e., the re- 
ception of the data and the transmission of data are 
effected alternately. 

A second prior art mobile unit communication 
system for providing communication between one 
of base stations and a plurality of mobile units 
within a service area of the base station through 
the Code Division Multiple Access/Time division 
Duplex (CDMA/TDD) method is proposed in 
"POWER CONTROL IN PACKET SWITCHED 
TIME DIVISION DUPLEX DIRECT SEQUENCE 
SPREAD SPECTRUM COMMUNICATIONS", by 
R.ESMAILZADEH, M. NAKAGAWA, A. KAJIWARA, 
proc. of VTC '92, PP.989-992, 1992. In the Code 
Division Multiple Access, a plurality of channels 
are, i.e., the multiple access is, provided by using a 
radio wave through spread-spectrum with different 
coding signals for spread-spectrum. Therefore, a 
plurality of mobile units in a service area of a base 
station can communicate with the base station at 
the same time. Time Division Duplex means that 
the reception of data and transmission of data are 
switched by time-division, i.e., the reception of the 
data and the transmission of data are effected 
alternately. 

SUMMARY OF THE INVENTION 

The aim of the present invention is to provide 
an improved mobile unit communication system. 

According to the present invention there is 
provided a first mobile unit communication system 
comprising: mobile units; a TDMA (Time Division 
Multiple Access) base station for transmitting and 
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receiving a TDMA signal having a first frame 
to/from mobile units within a service area thereof in 
a TDMA<TDD Time division Duplex) manner; and a 
CDMA (Code Division Multiple Access) base sta- 

5 tion adjacent to the TDMA base station, for trans- 
mitting and receiving a CDMA signal having a 
second frame to/from mobile units in a CDMA/TDD 
(Code Division Multiple Access/Time division Du- 
plex) manner, at least one of these base stations 

10 having a frame synchronizing circuit for detecting a 
phase between the first and second frames and 
synchronizing the first and second frames accord- 
ing to the detected phase. Each mobile unit has a 
first circuit for communicating with the TDMA base 

75 station in a TDMA mode; and a second circuit for 
communicating with the CDMA base station in a 
CDMA mode. First and second frames have the 
same length and are synchronized to eliminate the 
necessity of synchronizing operation when the mo- 

20 bile unit moves to the other service area. A unique 
word attached to a framed data is commonly de- 
fined between the TDMA and CDMA signals, so 
that one unique word detection circuit can be used 
in both TDMA and CDMA modes. The TDMA and 

25 CDMA signals have the same frequency band, so 
that one antenna portion can be used in both 
TDMA and CDMA modes. The TDMA and CDMA 
signals have the same amount of data per channel 
in a frame, so that modulation and demodulation 

30 circuits can be used commonly. 

According to the present invention there is also 
provided a second mobile unit communication sys- 
tem comprising: mobile units; a first base station, 
having a first service area, for transmitting and 

35 receiving first and second CDMA signals to/from 
mobile units within the first service area respec- 
tively, the first CDMA signal having a first frame 
which includes a plurality of first channels in a time 
division multiple access and time division duplex 

40 manner; and a second base station, having a sec- 
ond service area, for transmitting and receiving first 
and second TDMA signals to and from mobile units 
within the second service area respectively, the 
first TDMA signal having a second frame which 

45 includes a plurality of second channels in a code 
division multiple access and time division duplex 
manner, the first frame has the same length as the 
second frame, at least one of the first and second 
base stations further having a frame synchronizing 

50 circuit for detecting a phase between the first and 
second frames and synchronising the first and sec- 
ond frames each other in accordance with the 
detected phase, each of the mobile units having: a 
baseband circuit for framing data to be transmitted 

55 on the basis of a frame signal and for digital- 
modulation the data framed to produce first and 
second baseband signals in first and second 
modes respectively; a up-converting circuit for fre- 
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quency-up-converting the first baseband signal in 
the first mode and the second baseband signal in 
the second mode, a transmission power control 
circuit for controlling of a power of an output signal 
(rom the up-converting portion; an antenna portion 
for, in a transmission mode, transmitting an output 
of the transmission control circuit as the second 
TDMA signal in the first mode and as the second 
CDMA signal in the second mode and for, in a 
receiving mode, receiving the first TDMA signal in 
the first mode and first CDMA signal in the second 
mode, the transmission and receiving modes being 
effected in a time division duplex manner; de- 
modulation circuit for demodulating the first TDMA 
and first CDMA signals from the antenna in the first 
and second modes respectively; and a frame de- 
tection portion for detecting the first and second 
frames included in the first TDMA and fist CDMA 
signals in the first and second modes respectively 
to produce the frame signal. 

According to the present invention there is 
further provided a third mobile unit communication 
system comprising: mobile units; a first base sta- 
tion, having a first service area, for transmitting and 
receiving first and second CDMA signals to and 
from mobile units within the first service area re- 
spectively, the first CDMA signal having a first 
frame which includes a plurality of first channels in 
a time division multiple access and time division 
duplex manner; and a second base station, having 
a second service area, for transmitting and receiv- 
ing first and second TDMA signals to and from 
mobile units within the second service area respec- 
tively, the first TDMA signal having a second frame 
which includes a plurality of second channels in a 
code division multiple access and time division 
duplex manner, the first frame has the same length 
as the second frame, at least one of the first and 
second base stations further having a frame syn- 
chronizing circuit for detecting a phase between 
the first and second frames and synchronizing the 
first and second frames each other in accordance 
with the detected phase, each of the mobile units 
having: a baseband circuit, having a framing circuit 
for framing data to be transmitted on the basis of a 
frame signal and a digital modulation circuit for 
digital-modulation the data framed, a TDMA signal 
producing circuit for producing a TDMA transmis- 
sion signal to have one of the plurality of first 
channels, and a CDMA generation circuit for gen- 
erating a CDMA transmission signal through spec- 
trum spreading with a code defining one of the 
second channels, and a switch for outputting the 
TDMA transmission signal in a first mode and 
supplying the CDMA transmission signal in a sec- 
ond mode; an up-converting circuit for frequency- 
up-converting the TDMA transmission signal from 
the switch in the first mode and the CDMA trans- 



mission signal from the switch in the second mode; 
a transmission power control portion for controlling 
of a power of an output signal from the up-convert- 
ing circuit; an antenna portion for, in a transmission 

5 mode, transmitting an output of the transmission 
control circuit as the second TDMA signal in the 
first mode and as the second CDMA signal in the 
second mode and for, in a receiving mode, receiv- 
ing the first TDMA signal in the first mode and first 

io CDMA signal in the second mode, the transmission 
and receiving modes being effected in a time di- 
vision duplex manner; a demodulation circuit for 
demodulating the first TDMA and first CDMA sig- 
nals from the antenna in the first and second 

is modes respectively; a frame detection portion for 
detecting the first and second frames included in 
the first TDMA and fist CDMA signals in the first 
and second modes respectively to produce the 
frame signal. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object and features of the present inven- 
tion will become more readily apparent from the 
25 following detailed description taken in conjunction 
with the accompanying drawings in which: 

Fig. 1 is a block diagram of a first embodiment 
of a mobile unit 12; 

Fig. 2 is a block diagram of the first embodi- 
30 ment of a base station of the TDMA/TDD com- 
munication method; 

Fig. 3 is a block diagram of the first embodi- 
ment of a base station 11 of the CDMA/TDD 
communication method; 
35 Figs. 4A and 4B are illustrations of the first 
embodiment of the mobile unit communication 
system including the base stations and the mo- 
bile units; 

Fig. 5 is an illustration of of this embodiment of 
40 frame formats of TDMA/TDD and CDMA/TDD 

communication methods; 

Fig. 6 is an illustration of the first embodiment 

showing dat format of the TDMA/TDD; 

Fig. 7 is an illustration of the first embodiment 

45 showing a phase relation of frames between the 

TDMA signal and CDMA signal; and 
Fig. 8 is a block diagram of a mobile unit of a 
second embodiment. 
The same or corresponding elements or parts 

so are designated with like references throughout the 
drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

55 Hereinbelow will be described a first embodi- 

ment of this invention. Fig. 1 is a block diagram of 
the first embodiment of a mobile unit 12. Fig. 2 is a 
block diagram of a base station 10 of the 
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TDMA/TDD (Time Division Multiple Access/Time 
division Duplex) communication method. Fig. 3 is a 
block diagram of a base station 1 1 of the 
CDMA/TDD (Code Division Multiple Access/Time 
division Duplex) communication method. Figs. 4A 
and 4B are illustrations of the first embodiment of 
the mobile unit communication system including 
the base stations 10 and 11 and the mobile units 
12. Fig. 5 is an illustration of of this embodiment of 
frame formats of TDMA/TDD and CDMA/TDD com- 
munication methods. In this invention, there are 
cases that a service area 13 of the base station 10 
of TDMA/TDD is provided adjacent to a service 
area 14 of CDMA/TDD as shown in Fig. 4A and 
service areas 16 and 17 of TDMA/TDD are located 
within a service area 15 of the base station 11 of 
CDMA/TDD for example. A mobile unit 12 can 
communicate with the base stations 10 and 11 of 
TDMA/TDD and CDMA/TDD as shown in Fig. 4B. 
Therefore, if one mobile unit 12 is located at a 
point A, it can communicate with the base station 
10 of TDMA/TDD and when it moves to a point B, 
it can communicate with the base station 1 1 of 
CDMA/TDD as shown in Fig. 4A. In the case of Fig. 
4B, a mobile unit 12 at a point C can commu- 
nicates with the base stations 10 and 11 of 
TDMA/TDD and CDMA/TDD. 

In this invention, frames of transmitted signals 
of TDMA/TDD and CDMA/TDD have the same 
frame length as shown in Fig. 5. That is, a com- 
mutation signal is transmitted by a base station 10 
for a first interval of 2.5 msec and then, for the 
following 2.5 msec, the communication signal is 
received. One frame of the TDMA/TDD includes 
four channels, for example, in the time division 
manner. Similarly, in the CDMA/TDD communica- 
tion methods, a commutation signal is transmitted 
by the base station 11 for a first interval of 2.5 
msec and then, for the following 2.5 msec, the 
communication signal is received. However, multi- 
channels CH1 to N are included in the transmission 
frame over the interval of 2.5 msec in the code 
division manner. Similarly, in the receiving frame 
the multi-channels CH1 to N are provided over the 
interval of 2.5 msec in the code division manner. In 
the TDMA/TDD communication method, a guard 
time is provided between two consecutive channel 
intervals. In fact, the guard time is provided as 
guard bits. Therefore, the guard bits can be consid- 
ered to be included in the frame length. In the 
CDMA/TDD communication method, a guard time 
of 0.2 msec is provided between two consecutive 
frames, that is between the transmission frame and 
the receiving frame. The length of the guard time is 
determined in accordance with the communication 
condition, for example, radii of the service areas 14 
and 15. The base station 10 synchronizes the 
frame with other adjacent base stations 10 of 
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TDMA/TDD and with adjacent base stations 1 1 of 
CDMA/TDD. 

As mentioned, the mobile unit 12 can commu- 
nicate With both base station 10 and 11 of 

5 TDMA/TDD and CDMA/TDD with a simple circuit 
structure without a frame synchronization with other 
communication system because the frame length 
of TDMA/TDD is the same as that of CDMATDD 
and the frame synchronization is effected among 

w the adjacent base stations of TDMA/TDD and 
CDMA/TDD. 

In Fig. 1, transmission data 101 is supplied to a 
framing circuit 104 of a mobile unit 12 in the TDMA 
mode via a switch 103 and to a framing circuit 106 

75 via the switch 103 in the CDMA mode. The framing 
circuit 104 frames the transmission data 101. That 
is, the framing circuit 104 supplies the transmission 
data to the modulation circuit 105 such that the 
transmission data has a predetermined data length 

20 of one channel within a frame and a unique ward 
for the frame synchronizing and other necessary 
control data. A modulation circuit 105 effects digi- 
tal-modulation, i.e., the differential coding, PSK 
modulation, filtering or the like, to an output of the 

25 framing circuit 104 and channel controlling. That is, 
the modulation circuit 105 supplies modulated 
transmission data for one of channel periods 137. 
An output of the modulation circuit 105 is supplied 
to a modulation circuit 110 via a switch 109 in the 

30 TDMA mode. The modulation circuit 110 modulates 
the output of the modulation circuit 105 through 
frequency- up-converting. An output of the modula- 
tion circuit 110 is supplied to a transmission power 
control circuit 111. The transmission power control 

35 circuit 111 controls a transmission power of the 
output of the modulation circuit 110 in accordance 
with a signal receiving level. An output of the 
transmission power control circuit 111 is supplied 
to an antenna 132 via switch 112 for the transmis- 

40 sion frame period. The antenna transmits the trans- 
mission data 1 01 to have the transmission frame 
133 as shown in Fig. 5 to a base station 10 as a 
TDMA signal. 

In the receiving frame period, the antenna 132 

45 receives and supplies a TDMA signal from a base 
station 10 to a demodulation circuit 113. The de- 
modulation circuit 113 frequency-down-converts 
and detects the received TDMA signal to obtain a 
baseband signal. An output of the demodulation 

so circuit 113 is supplied to the transmission power 
control circuit 111 to control the transmission pow- 
er to supply the signal receiving level and to a 
demodulation circuit 115 via a switch I 14 in the 
TDMA mode. The demodulation circuit 115 de- 

55 modulates the output of the demodulation circuit to 
reproduce the data transmitted from the base sta- 
tion 10. An output of the demodulation circuit 115 
is supplied to a frame decomposition circuit 125. 

4 
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The frame decomposition circuit 126 selectively 
supplies the received data of a channel used for 
this mobile unit 12 via the switch 120 in the 
TDMA/TDD mode. The output of the demodulation 
circuit 115 is supplied to a unique word detection 
circuit 116 via a switch 123 in the TDMA mode. 
The unique word detection circuit 116 detects the 
unique word to produce and supplies a frame sig- 
nal to the framing circuits 104 and 106 and modu- 
lation circuit 105, or the like. A synchronizing circuit 
117 producing synchronizing signal in response to 
the frame signal from the unique word detection 
circuit to hold the synchronizing state. The syn- 
chronizing signal is used for synchronizing opera- 
tion in respective circuits of this mobile unit 12. 
The mode detection circuit 131 detects the TDMA 
and CDMA modes from the reproduced received 
data to produce and supply a TDMA/CDMA mode 
signal to a control circuit 130. 

In the CDMA mode, the transmission data 101 
is supplied to a framing circuit 106 via the switch 
103. The framing circuit 106 frames the transmis- 
sion data 101. That is, the framing circuit 106 
divides the transmission data to have the predeter- 
mined data length of one channel and a unique 
ward for the frame synchronizing and other neces- 
sary control data. A modulation circuit 107 effects 
digital-modulation, i.e., the differential coding, PSK 
modulation, filtering or the like, to an output of the 
framing circuit 106. An output of the modulation 
circuit 107 is supplied to a spectrum spreading 
circuit 108. The spectrum spreading circuit 108 
effects the spectrum spreading and code division 
multiple operation. That is, the spectrum spreading 
circuit 108 multiplexes channels CH1 to N within 
the transmission frame 135 with different codes. An 
output of the spectrum spreading circuit 108 is 
supplied to a modulation circuit 110 via a switch 
109 in the CDMA mode. The modulation circuit 110 
modulates the output of the spectrum spreading 
circuit 108 through frequency-up-converting. An 
output of the modulation circuit 110 is supplied to 
the transmission power control circuit 111. The 
transmission power control circuit 111 controls a 
transmission power of the output of the modulation 
circuit 110 in accordance with the signal receiving 
level. The output of the transmission power control 
circuit 11 is supplied to the antenna 132 via the 
switch 112 for the transmission frame period. The 
antenna 132 transmits the transmission data 101 to 
have the transmission frame 133 as shown in Fig. 5 
to a base station 1 1 as a CDMA signal. 

In the receiving frame period, the antenna 132 
receives and supplies a CDMA signal from a base 
station 11 to a demodulation circuit 113. The de- 
modulation circuit 113 down-converts and detects 
the received CDMA signal to obtain a baseband 
signal. The output of the demodulation circuit 113 
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is supplied to the transmission power control circuit 
ill to control the transmission power and to a 
inverse spectrum spreading circuit 1 18 via the 
switch 114. The inverse spectrum spreading circuit 

5 118 effects the inverse spectrum spreading opera- 
tion to reproduce the data transmitted from the 
base station 12 with a unique code to detects the 
necessary channel data. An output of the inverse 
spectrum spreading circuit 118 is supplied to a 

w demodulation circuit 119. The demodulation circuit 
119 effects a digital demodulating, for example, 
PSK demodulating to the output of the inverse 
spectrum spreading circuit 118. An output of the 
demodulation circuit 119 is supplied to a frame 

is decomposition circuit 124. The frame decomposi- 
tion circuit 124 reproduces the received data from 
the output of the demodulation circuit 119. That is, 
the frame decomposition circuit 124 removes the 
unique word and other control data from the output 

20 of the demodulation circuit 119. The received data 
is outputted via the switch 120 and supplied to a 
mode detection circuit 1 31 . The output of the de- 
modulation circuit 119 is also supplied to the 
unique word detection circuit 116 via switch 123 in 

25 the CDMA mode. The unique word detection circuit 
116 detects the unique word to produce and sup- 
plies a frame signal to the framing circuits 104 and 
106 and modulation circuit 105 and the spectrum 
spreading circuit 108. The synchronizing circuit 

30 117 produces the synchronizing signal in response 
to the frame signal. The mode detection circuit 131 
detects the TDMA and CDMA modes from the 
reproduced received data to produce and supply a 
TDMA/CDMA mode signal to the control circuit 

35 130. 

The control circuit 1 30 controls the switch 112 
in response to the frame signal to effect the TDD 
operation of transmission of data and the receiving 
of data alternately. The control circuit 130 supplies 

40 the received signal by the antenna 132 to the 
demodulation circuit 113 for the receiving period 
and determine which mode of TDMA and CDMA is 
used in the present location of the mobile unit 12 
to produce the mode signal. That is, if the received 

45 data 121 is present when the switch 114 is con- 
nects the demodulation circuit 113 and the de- 
modulation circuit 115, the mobile unit 12 is within 
a service area of a TDMA base station 10. 

If the received data 121 is present when the 

so switch 114 is connects the demodulation circuit 
113 to the inverse spectrum spreading circuit 118, 
the mobile unit 12 is within a service area of a 
CDMA base station 11. If both TDMA and CDMA 
signals can be received, the control circuit 130 

55 changes the mode between the TDMA and CDMA 
as necessary. The control circuit 130 produces 
receiving/transmitting mode signal supplied to the 
switch 112 in response to the frame signal from the 

5 
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unique word detection circuit 116. The synchroniz- 
ing circuit 1 17 produces the synchronizing signal in 
response to the frame signal. 

In the mobile unit communication system as 
mentioned above, when the mobile unit 12 at the 
point A moved from the service area 14 of 
CDMA/TDD can communicate with the base station 
10 without a special frame synchronizing operation 
because the frames of TDMA/TDD and CDMA/TDD 
signals are synchronized and have the same frame 
length. In Fig. 4B, the mobile unit 12 at point C can 
communicate with the base station 10 of 
TDMA/TDD and the base station 1 1 of CDMATDD. 
However, either of the base station 10 or 11 is 
selected normally. 

In this embodiment, the frequency band and 
the amount of data, i.e., bits are common between 
the TDMATDD and CDMA/TDD transmission sys- 
tems, so that the modulation circuit 110, the trans- 
mission power control circuit 111, the switch 112, 
the antenna 132, demodulation circuit 113, are 
commonly used between the TDMA/TDD and 
CDMA/TDD. Moreover, the unique word and other 
control data is commonly defined, so that the 
unique word detection circuit 116 is used com- 
monly between the TDMA/TDD and CDMA/TDD 
modes. Moreover, modulation and demodulation 
operations in the modulation circuit 110 and the 
demodulation circuit 113 are common, so that a 
simple structure is provided. However, in the mod- 
ulation circuit 110, only a clock signal is changed 
between the TDMA/TDD and CDMA/TDD modes. 
In this embodiment, the switches 103 and 114 are 
provided for a stable operation. However, these 
switches 103 and 114 can be omitted. 

The base stations 10 and 11 have the similar 
circuit structure to the mobile unit 12. In Fig. 2, the 
base station 10 of TDMA/TDD system transmits 
data of plurality of channels in TDMA/TDD manner. 
Transmission data of channels CH11 to CH14 is 
supplied to a framing circuit 404 of the base station 
10. The framing circuit 104 frames the transmission 
data. That is, the framing circuit 104 supplies the 
transmission data to the modulation circuit 405 
such that the transmission data has a predeter- 
mined data length of a frame and a unique ward for 
the frame synchronizing and other necessary con- 
trol data. Fig. 6 is an illustration of this embodiment 
showing data format of one channel of the 
TDMA/TDD. In the channel CH1 1 , the unique word 
is present, so that the transmission frame is deter- 
mined. A modulation circuit 405 effects digital- 
modulation, i.e., the differential coding, PSK modu- 
lation, filtering or the like, to an output of the 
framing circuit 404 and channel controlling to pro- 
vide channels CH11 to CH14. The modulation cir- 
cuit 405 supplies modulated transmission data of 
channels CH11 to CH14. An output of the modula- 



tion circuit 405 is supplied to the modulation circuit 
1 10. The modulation circuit 1 10 modulates the out- 
put of the modulation circuit 405 through frequen- 
cy-up-converting. The output of the modulation cir- 

5 cuit 110 is supplied to a transmission power control 
circuit 41 1 to have a suitable transmission level. An 
output of the transmission power control circuit 411 
is supplied to an antenna 432 via switch 112 for the 
transmission frame period. The antenna 432 trans- 

10 mits the transmission data of CH11 to CH14 having 
the transmission frame 133 as shown in Fig. 5 to 
mobile units as a TDMA signal. 

In the receiving frame period, the antenna 432 
receives and supplies TDMA signals from mobile 

75 units 12 within the service area thereof and sup- 
plies the TDMA signals to a demodulation circuit 
113 through a switch 112 in response to a control 
circuit 430. The demodulation circuit 113 down- 
converts and detects the received TDMA signals to 

20 obtain a baseband signal. The output of the de- 
modulation circuit 113 is supplied to the demodula- 
tion circuit 115 via the switch 114 controlled by a 
control signal 422. The demodulation circuit 115 
demodulates the output of the demodulation circuit 

25 113 to reproduce the data transmitted from the 
mobile units 12. An output of the demodulation 
circuit 115 is outputted as received data of chan- 
nels CH11 to CH14. 

A unique word detection circuit 416 detects the 

30 unique word in the channel CH11 from adjacent 
base stations 10 of TDMA/TDD to obtain the frame 
synchronization via a switch 123 controlled by the 
control signal 422. The base station 10 of 
TDMA/TDD can receive a CDMA signal from adja- 

35 cent base stations 11 by the inverse spectrum 
spreading circuit 118 and the demodulation circuit 
119. The unique word detection circuit 416 detects 
the unique word from the CDMA signal to obtain 
frame synchronization through the inverse spec- 

40 trum spreading circuit 118 and the demodulation 
circuit 119, so that the frame synchronization be- 
tween the base stations 10 and 11 of TDMA and 
CDMA is provided. Moreover, a GPS signal receiv- 
ing unit 425 receives a GPS (global positioning 

45 system) signal from a GPS satellite (not shown). 
The control circuit 430 obtains the frame synchro- 
nization from the TDMA signal, CDMA signal, and 
GPS signal. A synchronizing circuit produces a 
synchronizing signal in response to the frame sig- 

50 nal 

Similarly, the base station 11 of CDMA has a 
transmission baseband portion 402 for transmitting 
only the CDMA signal but both receiving circuits of 
TDMA and CDMA to obtain the frame synchroniza- 
55 tion. In this embodiment, the frame synchronization 
is effected in both base stations 10 and 11. How- 
ever, the frame synchronizing is provided by frame 
synchronization by at least one of base stations 10 
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and 1 1 . 

As mentioned above, the frame synchronization 
between the base stations 1 0 and 1 1 of TDMA and 
CDMA is provided and the length of frames of 
TDMA and CDMA is common, so that if the mobile 
unit 12 at the point A moved from the service area 
14 of CDMA/TDD can communicate with the base 
station 10 without a special frame synchronizing 
operation. 

Fig. 7 is an illustration of the first embodiment 
showing a phase relation of frames between the 
TDMA signal and CDMA signal. As shown in Fig. 7, 
transmission and receiving frames of the TDMA 
signal are in phase with those of the CDMA signal, 
so that the mobile unit 12 having transmitting and 
receiving circuits of the TDMA and CDMA signals 
can switch the communication state between the 
TDMA and CDMA signals without an additional 
frame synchronizing operation. 

Fig. 8 is a block diagram of a mobile unit 12' of 
a second embodiment. In this embodiment, the 
unique word for producing the frame signal and 
other control data are defined commonly between 
the TDMA and CDMA modes and the same modu- 
lation processing is effected to the TDMA and 
CDMA signals in the transmission baseband por- 
tion 202, such as PSK modulation or the like, so 
that a framing circuit 203 and a modulation circuit 
204 are commonly used between the TDMA and 
CDMA modes. 

In Fig. 8, transmission data 101 is supplied to a 
framing circuit 203 of the mobile unit 12' in the 
TDMA and CDMA modes. The framing circuit 104 
frames the transmission data 101 on the basis of a 
frame signal. That is, the framing circuit 203 sup- 
plies the transmission data to the modulation circuit 

204 such that the transmission data has a predeter- 
mined data length of one channel within a frame 
and a unique ward for the frame synchronizing and 
other necessary control data. A modulation circuit 

205 effects digital-modulation, i.e., the differential 
coding, PSK modulation, filtering or the like, to an 
output of the framing circuit 203 and channel con- 
trolling. A switch 205 supplies an output of the 
modulation circuit 204 to a channel control circuit 

206 in the TDMA mode and to the spectrum 
spreading circuit 108 in the CDMA mode. The 
channel control circuit 205 supplies modulated 
transmission data for one of channel periods 137. 
An output of the channel control circuit 206 is 
supplied to the modulation circuit 110 via the 
switch 109 in the TDMA mode. 

In the CDMA mode, the output of the modula- 
tion circuit 204 supplied via the switch 205 is 
spectrum spreaded by the spectrum spreading cir- 
cuit 108. That is, the spectrum spreading circuit 
108 effects the spectrum spreading and code di- 
vision multiple operation with a code defining every 
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channels. 

The modulation circuit 1 10 modulates the out- 
put of the modulation circuit 105 through up-con- 
verting. An output of the modulation circuit 110 is 

5 supplied to a transmission power control circuit 
111. The transmission power control circuit 111 
controls a transmission power of the output of the 
modulation circuit 110 in accordance with a signal 
receiving level. An output of the transmission pow- 

w er control circuit 1 1 1 is supplied to an antenna 1 32 
via switch 112 for the transmission frame period. 
The antenna 132 transmits the transmission data 
101 to have the transmission frame 133 as shown 
in Fig. 5 to a base station 10 in the TDMA and 

is CDMA modes. 

The receiving operations of the TDMA and 
CDMA signals are the same as the first embodi- 
ment. 

As mentioned, the unique word for producing 

20 the frame signal and other control data are defined 
commonly between the TDMA and CDMA modes 
and the same modulation processing is effected to 
the TDMA and CDMA signals in the transmission, 
baseband portion 202, such as PSK modulation or 

25 the like, so that he framing circuit 203 and the 
modulation circuit 204 are commonly used be- 
tween the TDMA and CDMA modes. 

A mobile unit communication system com- 
prises: mobile units; a TDMA base station for trans- 

30 mitting and receiving a TDMA signal having a first 
frame to/from mobile units within a service area 
thereof in a TDMA/TDD manner; and a CDMA base 
station adjacent to the TDMA base station, for 
transmitting and receiving a CDMA signal having a 

35 second frame to/from mobile units in a CDMA/TDD 
manner, at least one of these base stations having 
a frame synchronizing circuit for detecting a phase 
between the first and second frames and synchro- 
nizing the first and second frames according to the 

40 detected phase. Each mobile unit has a first circuit 
for communicating with the TDMA base station in a 
TDMA mode; and a second circuit for communicat- 
ing with the CDMA base station in a CDMA mode. 
First and second frames have the same length and 

45 are synchronized to eliminate the necessity of syn- 
chronizing operation when the mobile unit moves to 
the other service area. A unique word attached to a 
framed data is commonly defined between the 
TDMA and CDMA signals, so that a unique word 

so detection circuit can be used commonly. The 
TDMA and CDMA signals have the same frequen- 
cy band, so that the antenna portion can be used 
commonly. The TDMA and CDMA signals have the 
same amount of data per channel in a frame, so 

55 that modulation and demodulation circuits can be 
used commonly. 
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Claims 

1. A mobile unit communication system compris- 
ing: 

mobile units; 

a first base station, having a first service 
area, for transmitting and receiving a first com- 
munication signal having a first frame to/from 
mobile units within said first service area, said 
first base station communicating with said mo- 
bile units through a plurality of first channels 
by a time division multiple access and time 
division duplex (TDMA/TDD) manner through 
said first communication signal; and 

a second base station, having a second 
service area adjacent to or overlapping said 
first service area, for transmitting and receiving 
a second communication signal having a sec- 
ond frame to/from mobile units within said sec- 
ond service area, said first and second frames 
having the same length, said second base 
station communicating with said mobile units 
within said second service area through a plu- 
rality of second channels by a code division 
multiple access and time division duplex 
(CDMA/TDD) manner through said second 
communication signal, at least one of said first 
and second base stations having a frame syn- 
chronizing portion for detecting a phase be- 
tween said first and second frames and syn- 
chronizing said first and second frames in ac- 
cordance with said detected phase, each of 
said mobile units having: 

a first communication circuit for commu- 
nicating with said first base station through 
said first communication signal in a first mode; 
and 

a second communication circuit for com- 
municating with said second base station 
through said second communication signal in a 
second mode. 

2. A mobile unit communication system as 
claimed in claim 1 , wherein said second area 
is larger than said first area and first area is 45 
provided within said second area. 

3. A mobile unit communication system as 
claimed in claim 1 , wherein said first and sec- 
ond base stations transmit said first and sec- 
ond communication signals to have the same 
frequency band and said each of mobile units 
further comprises an antenna for receiving and 
transmitting said first and second communica- 
tion signals and a switch responsive to a mode 
signal indicative of said first and second 
modes for supplying said first communication 
signal between said antenna and said first 



communication circuit in said first mode and 
for supplying said second communication sig- 
nal between said antenna and said second 
communication circuit in said second mode. 



for framing data to be transmitted and for 
supplying said framed data to said first com- 
munication circuit in said first mode and to 
said second communication circuit in said sec- 
ond mode. 



7. A mobile unit communication system compris- 
ing: 

mobile units; 

50 a first base station, having a first service 

area, for transmitting and receiving first and 
second CDMA signals to/from mobile units 
within said first service area respectively, said 
first CDMA signal having a first frame which 
55 includes a plurality of first channels in a time 

division multiple access and lime division du- 
plex manner; and 

a second base station, having a second 



5 

4. A mobile unit communication system as 
claimed in claim 1 , wherein said each of mo- 
bile units further comprises: 

a modulation circuit for modulating said 
70 first and second communication signals; 

an antenna for receiving said first and second 
communication signal; 

a demodulation circuit for demodulating 
said first and second communication signals; 
js and 

a switch responsive to a receiv- 
ing/transmitting signal indicative of receiving 
and transmitting modes for supplying said first 
communication signal from said modulation cir- 
so cuit to said antenna in said transmitting mode 

and supplying said first and second commu- 
nication signals from said antenna to said de- 
modulation circuit. 

25 5. A mobile unit communication system as 
claimed in claim 1, wherein said first and sec- 
ond communication signals have first and sec- 
ond frames respectively, said first and second 
frames having the same amount of data and 
30 each of said mobile units further comprising a 

baseband data processing portion for process- 
ing data to be transmitted and for supplying 
said processed data to said first communica- 
tion circuit in said first mode and to said sec- 
35 ond communication circuit in said second 

mode. 

6. A mobile unit communication system as 
claimed in claim 1, wherein each of said mo- 
40 bile units further comprises a framing circuit 
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service area, for transmitting and receiving first 
and second TDMA signals to and from mobile 
units within said second service area respec- 
tively, said first TDMA signal having a second 
frame which includes a plurality of second 5 
channels in a code division multiple access 
and time division duplex manner, said first 
frame has the same length as said second 
frame, at least one of said first and second 
base stations further having a frame synchro- io 
nizing circuit for detecting a phase between 
said first and second frames and synchronizing 
said first and second frames each other in 
accordance with said detected phase, each of 
said mobile units having: is 

a baseband circuit for framing data to be 
transmitted on the basis of a frame signal and 
for digital-modulation said data framed to pro- 
duce first and second baseband signals in first 
and second modes respectively; 20 

a up-converting circuit for frequency-up- 
converting said first baseband signal in said 
first mode and said second baseband signal in 
said second mode. 

a transmission power control circuit for. 25 
controlling of a power of an output signal from 
the up-converting portion; 

an antenna portion for, in a transmission 
mode, transmitting an output of said transmis- 
sion control circuit as said second TDMA sig- 30 
nal in said first mode and as said second 
CDMA signal in said second mode and for, in 
a receiving mode, receiving said first TDMA 
signal in said first mode and first CDMA signal 
in said second mode, said transmission and 35 
receiving modes being effected in a time di- 
vision duplex manner; 

a demodulation circuit for demodulating 
said first TDMA and first CDMA signals from 
said antenna in said first and second modes 40 
respectively; and 

a frame detection portion for detecting said 
first and second frames included in said first 
TDMA and fist CDMA signals in said first and 
second modes respectively to produce said 45 
frame signal. 

8. A mobile unit communication system as 
claimed in claim 7, wherein said baseband 
circuit having first and second framing circuits 50 
for framing said data to be transmitted to have 
said first and second frame in said first and 
second modes respectively, a first digital mod- 
ulation circuit for digital-modulating an output 
of said first framing circuit, a second digital 55 
modulation circuit for digital-modulating an out- 
put of said second framing circuit, and a code 
division multiplexing circuit for code-division- 



multiplexing to an output of said second digital 
modulation circuit, anda switch for supplying 
an output of said first digital modulation circuit 
as said first baseband signal in said first mode 
and an output of said code division multiplex- 
ing circuit as said second baseband signal in 
second mode. 

9. A mobile unit communication system compris- 
ing: 

mobile units; 

a first base station, having a first service 
area, for transmitting and receiving first and 
second CDMA signals to and from mobile units 
within said first service area respectively, said 
first CDMA signal having a first frame which 
includes a plurality of first channels in a time 
division multiple access and time division du- 
plex manner; and 

a second base station, having a second 
service area, for transmitting and receiving first 
and second TDMA signals to and from mobile 
units within said second service area respec- 
tively, said first TDMA signal having a second 
frame which includes a plurality of second 
channels in a code division multiple access 
and time division duplex manner, said first 
frame has the same length as said second 
frame, at least one of said first and second 
base stations further having a frame synchro- 
nizing circuit for detecting a phase between 
said first and second frames and synchronizing 
said first and second frames each other in 
accordance with said detected phase, each of 
said mobile units having: 

a baseband circuit, having a framing circuit 
for framing data to be transmitted on the basis 
of a frame signal and a digital modulation 
circuit for digital-modulation said data framed, 
a TDMA signal producing circuit for producing 
a TDMA transmission signal to have one of 
said plurality of first channels, and a CDMA 
generation circuit for generating a CDMA trans- 
mission signal through spectrum spreading 
with a code defining one of said second chan- 
nels, and a switch for outputting said TDMA 
transmission signal in a first mode and sup- 
plying said CDMA transmission signal in a 
second mode; 

an up-converting circuit for frequency-up- 
converting said TDMA transmission signal from 
said switch in said first mode and said CDMA 
transmission signal from said switch in said 
second mode; 

a transmission power control portion for 
controlling of a power of an output signal from 
the up-converting circuit; 

an antenna portion for, in a transmission 
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mode, transmitting an output of said transmis- 
sion control circuit as said second TDMA sig- 
nal in said first mode and as said second 
CDMA signal in said second mode and for, in 
a receiving mode, receiving said first TDMA 
signal in said first mode and first CDMA signal 
in said second mode, said transmission and 
receiving modes being effected in a time di- 
vision duplex manner; 

a demodulation circuit for demodulating 
said first TDMA and first CDMA signals from 
said antenna in said first and second modes 
respectively; and 

a frame detection portion for detecting said 



ond mode. 

14. A mobile unit communication system as 
claimed in claim 1, further comprising a mode 
5 detection circuit for generating a mode signal 

indicative of said first and second modes in 
accordance with outputs of said first and sec- 
ond communication circuits. 

io 15. A mobile unit communication system as 
claimed in claim 4, further comprising a frame 
detection circuit for detecting said first frame 
from said first communication signal from said 
antenna in said first mode and detecting said 
second frame from said second communica- 
tion signal from said antenna in said second 
mode to produce a frame signal and a control 
circuit for producing said receiving/transmitting 
signal in response to said frame signal. 



first and second frames included in said first is 
TDMA and first CDMA signals in said first and 
second modes respectively to produce said 
frame signal. 

10. A mobile unit communication system as 20 
claimed in claim 7, wherein demodulation com- 
prises a down-converting circuit for down-con- 
verting and detecting said transmitted signal to 
produce a third baseband signal, a TDMA de- 
modulating circuit for demodulating said third 25 
baseband signal, and an inverse spectrum 
spreading circuit for inverse-spectrum spread- 
ing said baseband signal, and a switch for 
outputting an output of said TDMA demodulat- 
ing circuit in said first mode and an output of 30 
said inverse spectrum spreading circuit in said 

first mode. 

11. A mobile unit communication system as 
claimed in claim 7, wherein said baseband 35 
circuit having first and second framing circuits 

for framing said data to be transmitted to have 
said first and second frame respectively, a first 
digital modulation circuit for digital-modulating 
an output of said first framing circuit, a second 40 
digital modulation circuit for digital-modulating 
said second framing circuit, and a code di- 
vision multiplexing circuit for code-division- 
multiplexing to an output of said second digital 
modulation circuit. 45 

12. A mobile unit communication system as 
claimed in claim 6, wherein said framing circuit 
adds a frame synchronizing signal and control 
data to said data and supplies said framed 50 
data. 

13. A mobile unit communication system as 
claimed in claim 6, further comprising a digital 
modulation circuit for digital-modulating said 55 
framed data and supplying said framed data to 

said first communication in said first mode and 
said second communication circuit in said sec- 
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